Introduction
In Australia today, the tropical zone is characterised by a dominance of Eucalyptus spp. woodlands and tree savannas, and grasslands. Rainforests sensu strict0 are largely restricted to coastal lowlands and uplands on the east coast and riparian corridors elsewhere. In isolated pockets on Cape York Peninsula, Arnhem Land, and north-westem Western Australia (Fig. I) , however, there are developed distinctive closed-canopy forest (so-called 'dry rainforests') and tall-shrub communities where Eucalyptus spp. are rare or more typically absent. These communities are restricted to areas where annual rainfall exceeds 800 mm (> 600 mm in WA), often with a distinct monsoonal summer-wet and winter-dry seasonality, and at the drier end of their range are restricted to fire-proof niches and/or local areas of eutrophic soils (Specht 1981; Webb and Tracey 1981) . A feature of these 'monsoon forests' or 'vine thickets' is a closed canopy in the wet season, and often a quite open canopy in the dry season due to partial or complete deciduousness. These monsoon forests or vine thickets share floristic, structural and physiognomic traits with rainforest sensu stricto communities in eastern Australia, but retain a distinctive floristic and physiognomic character (Webb and Tracey 1981; Tracey 1982; Webb et al. 1986 ). Webb and Tracey (1981) grouped the Australian seasonally dry tropical closed-canopy forests under the all embracing term 'vine forest', noting that much of Australia's rainforests sensu stricto occur under varying degrees of seasonal dryness, with the monsoonal closed canopy communities reflecting the attenuated warm-dry end member of a rnultidirnensiona! climatic-floristic-edaphic-structural continuum. The term 'rainforest' cames a number of expectations climatically amongst non-botanists, and particularly amongst non-biologists, namely; high rainfall (> 2000 mm year1, >> 3000 mm year1 according to some authors), low or no seasonality of rainfall, and essentially frost free climates (e.g. Beard 1944; Holdridge 1967) . In this discussion, the closed forest communities of the markedly seasonal tropics are distinguished from the forests of the main rainforest massifs of the east coast of Australia (which largely match Richard's (1952) definition of rainforest; Webb 1959) . In this manner, a broader definition of rainforest than that adopted by Beard (1944) or Holdridge (1967) is used, which while more narrow than that of Webb and Tracey (1981; Webb et al. 1986) , is perhaps closer in intent to Richard's (1952) usage and that in common use outside Australia. Monsoon forest is used here, therefore, to encompass the mostly to wholly deciduous-canopy 'dry rainforests' and 'vine thickets' of the wet-dry tropics of Australia (e.g. deciduous microphyll vine thicket 'Type 4' and semi-deciduous microphyll vine forest 'Type 11' of Webb and Tracey (1981; Tracey 1982) , and excludes the higher rainfall (> 1500 mm year-') seasonally dry (partially to facultatively deciduous) rainforests (e.g. complex notophyll vine forest 'Type 6'). This distinction is pertinent to this discussion, as palaeovegetational reconstructions which state the presence of 'rainforest' are common in Australian palynology and macrofossil palaeobotany, and while Australian researchers may be aware of the special usage of this term in this country, non-Australian researchers assume the more narrow usage, and climatic implications.
The tropical and subtropical rainforests sensu strict0 of Australia have a long fossil record which clearly supports the hypothesis of an autochthonous, rather than immigrant origin for these plant communities and most of their plant taxa (Kemp 1978; Blackburn 1981; Christophel 1981 Christophel , 1988 Webb et al. 1986; Truswell 1990; Hill 1992) . Recent analyses also indicate close foliar physiognomic matches between south-eastem Australian Early Tertiary macrofloras and rainforests in north Queensland (Christophel and Greenwood 1987 , 1989 Greenwood 1994) . Rainforests of similar floristic and foliar physiognomic character to those of modem subtropical to tropical Australia are therefore considered to have occupied much of the Early Tertiary (mainly Eocene) lowlands of southern and east coastal Australia, although palynological analyses indicate that forests rich in floristic elements now considered typical of temperate rainforests (e.g. Nothofagus) are likely to have occupied significant parts of the same landscape (Christophel and Greenwood 1989; Truswell 1990; Greenwood 1991 Greenwood 1994 Hill 1992) . Oligocene to Miocene macrofloras and microfloras, however, document a shift towards cooler (from Mesothermal to Megathermal and Mesothermal, to Mesothermal and Microthermal; sensu Nix 1982) more seasonal climates in south-eastern Australia at these times than in the Eocene, and the displacement of tropical elements by temperate floristic elements (Christophel 1988; Christophel and Greenwood 1989; Hill 1992; Greenwood 1994) . Limited microfloral, macrofloral and sedimentological evidence from central Australia suggests that seasonally dry climates may have appeared earlier in the centre (e.g. Wopfner et al. 1974; Kemp 1978 Kemp , 1981 Martin 1982 Martin , 1990 Martin , 1993 Lange 1982; Truswell and Harris 1982; Quilty 1984) , and perhaps also in the south-west (e.g. Hill and Merrifield 1993) and north (Pole and Bowman 1994) , than in the south-east of the continent.
The pre-Holocene fossil record of non-rainforest plant communities in Australia (such as sclerophyllous and monsoonal semi-deciduous to deciduous forests) is quite limited, being largely restricted to anecdotal macrofloral accounts (e.g. Lange 1978a; White 1978; Pole and Bowman 1994) , and limited palynological evidence (Martin 1978 (Martin , 1982 (Martin , 1990 Truswell et al. 1987; Truswell 1990; Luly 1994) . Discussion of the evolutionary history of the nonrainforest formations of Australia is therefore largely restricted to analyses of phytogeographical patterns (e.g. Specht 1981; Webb and Tracey 1981; Webb et al. 1986; Crisp et al. this volume) . Of particular interest is the much larger group of shared genera (e.g. Adansonia, the boab or baobab, Bombax (both Bombaceae), and Cochlospermum, the kapok (Cochlospermaceae)) and even species (e.g. Gyrocarpus americanus, Henandiaceae) between monsoonal forests in Australia (and particularly north-west Western Australia) and both South-east Asian and African wet-dry tropical forests, than between Australian and Asian-African rainforests (Specht i98i; Webb and Tracey 1981) . It is clear that a degree of shared inheritence as well as later floristic mixing has shaped the phytogeography of both the monsoonal forests and the rainforests of Australia (Webb and Tracey 1981; Webb et al. 1986; Truswell et al. 1987) . The question remains therefore, as to whether Australian deciduous, tropical forests and vine thickets share a common history with the rainforests, or a history of floristic invasion from the monsoon forests of South-east Asia.
A geographically extensive suite of leaf and fruit macrofloras from the southern Lake Eyre Basin, termed the Poole Creek palaeochannel (Fig. I) , and the proximal Stuart Creek macroflora (?Eocene-Oligocene, Billa Kalina Basin) may offer some insight into the floristic character of Early Tertiary forests under seasonally wet-dry climates, and may provide evidence on the origins of the modem Australian tropical monsoon plant communities (Greenwood 1994) . Initial analyses of these macrofloras suggested that a mosaic of plant communities was reflected in the Middle Eocene Poole Creek palaeochannel sites, with sclerophyllous woodlands (potentially dominated by Eucalyptus spp.) or forests, interspersed with riparian rainforests and possibly also deciduous or partly deciduous 'monsoon forests' (Greenwood et a1. 1990, unpub. data) . The Poole Creek macrofloras are analysed in greater detail here to determine whether plant communities present in the Eocene included deciduous to partly deciduous 'monsoon forests'.
Theoretical and observational studies in tropical and temperate forests have demonstrated that leaf form, or foliar physiognomy, reflects strongly the local climate (Parkhurst and Loucks 1972; Goble-Garrant et al. 1981; Givnish 1984) with, for example, leaf length to width ratio varying along rainfall or temperature (altitude) gradients (Hall and Swaine 1981; Potts and Jackson 1986) and even between understorey and canopy elements (Roth 1984 (Roth , 1990 . In Australian rainforests, for example, mean canopy leaf size is strongly correlated with mean annual temperature (Webb 1968; Greenwood 1992) . Previous studies have demonstrated that litter on he forest floor in modem Australian rainforests reflect the foliar physiognomic attributes, or 'foliar physiognomic signature', of the forest canopies (Greenwood 1991 (Greenwood , 1992 Greenwood 1987, 1989) . Other studies have demonstrated similar results in non-rainforest ecosystems (e.g. Bumham 1989; Burnham et al. 1992) . Additional samples to those of Greenwood's earlier studies of forest floor litters were collected in modem 'monsoon forests' (Semi-deciduous to Deciduous Vine Forests) in northern Queensland (Fig. 1) . These data, together with information derived from litters from subtropical to temperate deciduous to semi-deciduous forests in North America (Greenwood and Basinger 1994, unpub. data; Basinger et al. 1994) , are used here to characterise the foliar physiognomic signatures of modern deciduous forests, and tropical deciduous forests (e.g. 'monsoon forests') in particular. Earlier analyses of Early Tertiary Australian leaf macrofloras advanced the argument that matches between modem forest floor litter foliar physiognomic signatures, and those of leaf macrofloras, detect that forest type as being reflected in the fossil assemblage (Greenwood 1992 ). Greenwood's (1992; Greenwood and Basinger 1994) approach is used here.
Materials and Methods

Macrojloras
Considerable data has been amassed on Early Tertiary macrofloras from south-eastern Australia, including analyses of floristic relationships and foliar physiognomic matches with modern rainforests (Christophel 1981; Greenwood 1988, 1989; Greenwood 1994) . The database being collated by these workers is drawn upon here, together with additional data from central Australian macrofloras. This report concentrates on macrofloras from sites in the vicinity of Lake Eyre, primarily from within the Lake Eyre Basin, and including the Stuart Creek macroflora in the Billa Kalina Basin. Greenwood et al. (1990) recognised a series of Early to mid-Tertiary macrofloras in the present drainage of Poole Creek and Morris Creek as the Poole Creek palaeochannel. Several sites in Eyre Formation in the Poole Creek palaeochannel containing silicified leaf floras, and a single site, Nelly Creek (Eyre Formation), containing a mummified leaf flora, are considered to be correlatives of Middle Eocene macrofloras in the St Vincent's Basin in southern South Australia, and are thus also Middle Eocene (Alley 1989; Christophel et al. 1992; Alley and Sluiter, unpub. data) . Additional sites in the Poole Creek palaeochannel are Miocene (Etadunna Formation), and sites in the Stuart Creek area (Wiilaiinchina Sandstone) are iikely to be Oligocene (or perhaps Miocene), but may be Eocene (Ambrose et al. 1979) . A series of collections from the Early Tertiary Stuart Creek and Poole Creek macrofloras (Greenwood et al. 1990) and from the Nelly Creek macroflora (Christophel et al. 1992) are analysed here. The nomenclature of fossil taxa and informal systematics follows these authors' usage.
The Poole Creek macroflora is a composite of several sites in the silicified sequence of Eyre Formation in the Poole Creek palaeochannel, whereas the Nelly Creek macroflora has been analysed based on a single collection of mummified leaves from the northern (non-silicified) outcrop of Eyre Formation (Greenwood et al. 1990; Christophel et al. 1992) . Sample sizes are small in both instances, with the Poole Creek flora (89 leaves versus 171 measured leaves (> 250 including fragmented leaves) for Nelly Creek), indicating that the effects of sample-size cannot be ignored (Burnham et al. 1992) . Nevertheless, important comparisons can be made between these two samples of Eocene vegetation and modern Australian rainforest and monsoon forest floristics and foliar physiognomy.
Methods of Analysis
Structural attributes cannot readily be detected in fossil assemblages. However, the foliar physiognomic characteristics, or foliar physiognomic signature, is often reflected in leaf macrofloras that have been sampled quantitatively (Greenwood 1991 (Greenwood , 1992 . Previous work has demonstrated the utility of modern forest floor leaf litter as a proxy for fossil leaf assemblages for determining the foliar physiognomic signature of plant community types (Christophel and Greenwood 1989) . The analysis presented here builds on the earlier physiognomic dataset from modern rainforest leaf litter. Analysis of climate using foliar physiognomy, however, follows the methodology of Wing and Greenwood (1993) , based on the CLAMP modern analogue foliar physiognomic and climate data set (Wolfe 1990 (Wolfe , 1993 . Wolfe (1993) demonstrated, in a multivariate analysis (Principal Components) of 106 sites worldwide, strong relationships between key climatic variables and the foliar physiognomic attributes of the woody species at the modern vegetation sites he surveyed. Wing and Greenwood (1993) derived a set of multiple regression equations from Wolfe's (1993) CLAMP dataset from which key climate estimates can be made based on observations of foliar physiognomic attributes of species in a fossil leaf flora. These multiple regression equations were applied to the Eocene Nelly Creek and Poole Creek macrofloras to reconstruct the climate (mean annual temperature, cold month mean, mean annual precipitation and total precipitation of the driest quarter) of the Lake Eyre area in the Middle Eocene (Greenwood and Wing 1995) ; the results of that analysis are reported more fully here.
Additional data on the foliar physiognomic signatures of modern vegetation, principally deciduous forests in temperate and tropical climates, were amassed by analysing litter samples from sites in North America (Greenwood and Basinger 1994, unpub . data) and a 'monsoon forest-thicket' (40 Mile Scrub) in north Queensland (Fig. 1) . The characteristic leaf size spectra and leaf shape characteristics of these deciduous forest litters are contrasted here to those of (evergreen) rainforest litters, and in turn, to Australian Eocene fossil leaf floras representative of rainforest and non-rainforest vegetation.
The Floristic and Foliar Physiognomic Character of Leaf-beds Derived from Modern Australian Monsoon Forests
Floristics Webb and Tracey (1981; Tracey 1982 ) list a number of woody genera that are either typical of, or characterise, tropical rainforests and monsoonal tropical deciduous vine forests and thickets respectively. In general, all of the vine forests of northern Australia share a large number of species, and at the generic level they group together in ordination analyses (Webb and Tracey 1981; Webb et al. 1986 ). Key taxa in monsoonal deciduous forests (see Table 1 Tracey (1982) and Greenwood (1994) . +, forest typology from Tracey (1982) Litter from the 40 Mile Scrub (DMVT) examined for this report was dominated by leaflets of a single species of compound-leaved tree (51-64% leaves), with a small representation of leaves of emergent species such as Brachychiton australis, and a small to moderate representation of canopy and understorey taxa such as; Notelaea long$olia (Oleaceae), Grevillea sp., and Ficus sp. The dominance of this litter by a single species and the low species richness (only 11 species present between 2 samples, totalling 640 leaves), is in contrast to litter collected in other tropical vine forests in northern Queensland, where typically more than 16 species (range 10-21, mean 16.5) are detected in single litter collections (ca. 200 leaves per sample) with dominants (if present) rarely exceeding 50% of the leaves in the samples (Greenwood 1992 , tables IV, VII-IX and XI).
Foliar Physiognomy
Monsoonal semi-deciduous to deciduous tropical forests share a number of structural and physiognomic characteristics with rainforests, such as an often prominent liana component, buttressed roots, and a (seasonally) closed canopy (Webb 1959 (Webb , 1968 Tracey 1982) . The canopy in monsoon forests is typically dominated by microphylls to notophylls, although some deciduous species may be mesophyllous (Tracey 1982) . Lobed and toothed species, and species with blunt or rounded (versus acute to acuminate) apices are more common in monsoon forests than in rainforests (Wolfe 1993) , and leaf size tends to be lower in monsoon forests than in rainforests at similar mean annual temperature (MAT) (Webb 1968 ). These differences in foliar physiognomy between rainforests and monsoon foresrs can be expected to be reflected in their forest floor litter (Burnham 1989; Greenwood 1992) .
The leaf size spectra (Fig. 2) of the litter samples from deciduous, monsoonal vine forest (DMVT) at the 40 Mile Scrub show a marked dominance by quite small leaves (relative to rainforest litter at similar MAT), as measured by either leaf length (specimens) or leaf area size class (species), with most specimens and all species in the litter being microphylls; significantly, a small number of leaves were detected that were substatially larger b i i the main population (> 85 mm length), and often significantly narrower than the main population. Litter from subtropical deciduous forest in Florida (Fig. 2) similarly shows a dominance by micro-phyllous species (49-54%), but also a significant presence of much larger leaves (typically representing deciduous species). By contrast, the litter from rainforest at Curtain Fig (CNVF, Atherton Tableland, Qld. ) is dominated by notophylls (specimens and species; Fig. 2 ). The mean leaf length of the 40 Mile Scrub samples (36 mm) is much lower than would be expected from litter from rainforest at a similar MAT (Table 2) , and is much lower than the semi-deciduous forest litter from Florida (68-69 mm mean length).
Of particular interest is the spread of leaf types in the 40 Mile Scrub deciduous forest litter (Fig. 3) , with length: width ratios from 1.0 to > 6.0, with a predominance of species in the narrowly elliptical range (length: width ratio of 2.0-3.0), with a signficant number of specimens in the broad (1ength:width ratio of about 1.0) and the stenophyllous range (length: width ratio of > 4.0). This pattern is consistent with litters from other deciduous forests (e.g. Florida), and is quite different from that seen in litters from tropical to temperate rainforests (length: width ratio of > 3.0 dominant; Fig. 3 ). In general, the quite broad leaves in all of the deciduous forest litters represent one or two palmately lobed species (e.g. Brachychiton sp.), and similarly the stenophyllous leaves represent one or two species (e.g. Nelly Ck rnlddle Eocene macroflora, Lake Eyre Basin, South Aust.
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Central Australian Eocene Leaf Macrofloras
Floristic Character Floristic analyses of the Nelly Creek and Poole Creek palaeochannel macrofloras are preliminary (e.g. Greenwood et al. 1990, unpub. data; Christophel et al. 1992) ; nevertheless, important comparisons can be made between these floras and both other Early Tertiary macrofloras, and modem rainforest and tropical-monsoon forest communities (Table 1) . The Nelly Creek macroflora contains a number of genera not found today outside the eastern Table 2 
. Summary of foliar physiognomic characteristics of modern litters (tropical rainforest and deciduous monsoon forest) and Eocene macrofloras
Modern litter data from Greenwood (1992 and unpublished data); Eocene macroflora data from Greenwood (1994) and Greenwood and Wing (1995) ; values for mesophyll follow the Raunkiaer-Webb leaf size categories from Tracey (1982) ; percentages based on the mean leaf size of each species in the sample(s) (Greenwood 1992) Site/macroflora No. of species AThe Stuart Creek macroflora, as accounted here, is exposed in outcrop of Willalinchina Formation at the Willalinchina Hut site (Stuart Creek Station, SA), which is likely stratigraphically above Eyre Formation equivalents, and therefore likely Late Eocene to Oligocene; no species attributes are given as no systematic analysis has been attempted at this stage. BThe species-attributes values (leaf size categories) expressed here differ in minor ways from those expressed in Greenwood (1994) as a new systematic sorting of the whole Anglesea collection was undertaken for the analysis in Greenwood and Wing (1995) ; the latter data is used here.
( ) Leaf length-width ratios coastal strip of Australia (or adjacent landmasses), such as the conifers, Agathis and cf. Dacrydium (Podocarpaceae), and foliage of the angiosperm, Gymnostoma (Casuarinaceae). Gymnostoma infructescences are also common in the Poole Creek macroflora (Fig. 4) and occur in other Eyre Formation sites (e.g. Mt Alford). These taxa in modern Australia are commonly regarded as rainforest plants; however, all three may co-occur in seasonally dry swamp forests in Borneo (Brunig 1985; Greenwood 1994 Cochlospennum. Scale bars = 1 cm.
mildly seasonal climates (Paijmans 1976; pers. observ.) . In Australia, Agathis robusta is commonly found in seasonally moist-dry sites (TDM 100-200 mm) and in NE Queensland may occur as an emergent in dry-season deciduous forests and thickets under moderate rainfall (ca. 1000 mm year1; Tracey 1982) .
Other taxa present in the Nelly Creek macroflora (e.g. Myrtaciphyllum; Fig. 4 ) represent modem taxa found in a wide variety of environments, reflecting either imprecise systematic placement of the fossil taxa, andlor wide tolerances of the nearest living relatives (NLRs). Of particular note is the presence of Brachychiton leaves in the Poole Creek and Nelly Creek floras (Fig. 4) . Brachychiton today is characteristic of monsoonal deciduous vine thickets and forests across all of tropical Australia (Specht 1981; Webb and Tracey 1981) , but also occurs in eastem Australian rainforests (B. discolor, B. acerifolius) and Eucalyptus forests (B. populneus) (Guymer 1988) . Taxa such as Banksieaeformis-Banksieaephyllum (Tribe Banksieae, Proteaceae) and cf. Grevillea (Proteaceae) in both Eocene floras (Fig. 4) are consistent with sclerophyllous vegetation (Hill and Christophel 1987) , but at the taxonomic resolution presented are not inconsistent with monsoonal vegetation or rainforest. Some leaf and seed taxa in the Poole Creek flora, however, suggest rainforest (e.g. cf. Athertonia, and Elaeocarpaceae), but are restricted to single sites (Table 3 ). The common Myrtaceae leaf types in the Poole Creek macroflora fall into three morphotypes: a markedly stenophyllous type suggestive of Eucalyptus, a microphyllous type consistent with Syzygium, and a mesophyllous type similar to Lophostemon. The rare Myrtaceae leaves in the Nelly Creek macroflora (M. eremaensis) are reminiscent of Syzygium. Studies of modem Myrtaceae leaf architecture (Christophel and Lys 1986) indicate that the stenophyll and microphyll Myrtaceae morphotypes may in fact represent extremes of a single taxon; however, these two types are not found associated in the Nelly Creek flora. Fruits of Eucalyptus in association with 'Eucalyptus4ypeY leaves have been recovered from one site in the Poole Creek palaeochannel, and myrtaceous capsules of non-Eucalyptus-type are known from the Nelly Creek macroflora (Christophel et al. 1992 ) and so it seems likely that the stenophyllous ('Eucalyptus-type') and ovate-elliptic (cf. Syzygium) myrtaceous leaf-types represent different entities. The dominant type of leaf in the Nelly Creek macroflora is an entiremargined microphyll and is likely to be a leaflet from a compound-leaved species of tree.
Similarly, a common leaf type in some sites of the Poole Creek macroflora is also likely to be a leaflet (Fig. 3) . Christophel et al. (1992) noted the paucity of Lauraceae (one species represented by a single leaf) in the Nelly Creek macroflora, compared with the commonness of Lauraceae leaves in other Eocene macrofloras (e.g. Nerriga, Anglesea and Golden Grove; Hill 1986; Christophel and Greenwood 1987) . Lauraceae are common components of the canopy and understorey of modern Australian subtropical to tropical rainforests, but are rare to absent in monsoon forests (Tracey 1982) , and Whiffin and Hyland (1994) have noted a negative correlation between a high degree of diversity in Lauraceae and seasonal dryness in eastern Australia. Similarly, leaves of Elaeocarpaceae and/or Cunoniaceae (cf. Elaeocarpus, cf. Sloanea) are common in some Eocene 'rainforest' macrofloras, and are common components of modern Australian rainforests (Table 1) . Elaeocarpaceae (Elaeocarpus spp.) do occur in drier forest types and in partly deciduous forests in northern Queensland and the Northern Territory. The presence of rare Elaeocarpaceae fruits (Table 4) , and leaves cf. Elaeocarpaceae-Cunoniaceae in the Poole Creek macroflora (Greenwood et al. 1990 ), may therefore reflect either local rainforest patches or drier forest types, possibly including monsoon forest. Greenwood et al. (1990, unpub. data) examined the occurrence of the principal leaf and seed taxa between Eocene Eyre Formation sites in the Poole Creek palaeochannel (Morris Creek and Poole Creek localities) and in Eyre Formation sites at Mt Alford to the east of Poole Creek ( Fig. 1; Table 4 ). All but 3 of the 11 sites surveyed contained leaves of the 'Eucalyptus-type', with one site at Moms Creek also yielding fruits attributed to Eucalyptus (Table 4) . A small leaflet (EYR-005-likely to be representing a legume) and leaves of Myrtaciphyllum (cf. Syzygium) were collected at 7 of the 11 sites. Most taxa were restricted to two or three sites, with some taxa (e.g. cf. Elaeocarpus seed and cf. Athertonia seed) being restricted to a single site. Brachychiton and cf. Dacrydium foliage were found in 3 of the 11 sites, but were negatively associated (Table 4) . Some other taxa demonstrated partial negative (e.g. Gymnostoma and Banksieaeformis) or positive associations (e.g. Brachychiton and 'Lophostemon'). Factor Analysis of the occurrence of leaf and fruit taxa between sites in the Poole Creek palaeochannel supports this suggestion of the presence of separate associations of taxa (Greenwood, unpub. data) . It is likely that these associations reflect original plant communities in a vegetational mosaic in the Poole Creek palaeochannel catchment.
The Stuart Creek macroflora has not been investigated in any detail, although Lange (1978a Lange ( , 1982 has reported Eucalyptus fruits and other myrtaceous fruits from this macroflora and stratigraphically related macrofloras near Andamooka. Greenwood et al. (1990, unpub. data) noted also the presence of Banksieaeformis (2 spp.; Fig. 4) , cf. Grevillea, Gymnostoma infructescences, cf. Eucalyptus leaves and other Myrtaceae leaves, Brachychiton leaves (?2 spp.; Fig. 4 ) and commented that a much greater diversity of leaf forms was likely to be present in this flora than in the Poole Creek macroflora. Some of the putative Brachychiton leaves from Stuart Creek are 5-or 7-lobed (Fig. 4) with leaf architecture matching closely that of Cochlospermum fraseri (Cochlospermaceae), the kapok, a common deciduous tree in monsoon vine thickets in northern Australia; and so some specimens may represent Cochlospermum rather than Brachychiton. There are floristic similarities between the Stuart Creek macroflora and those of the Middle Eocene sites of the Poole Creek palaeochannel (Greenwood et al. 1990, unpub. data; Christophel et al. 1992) , including some fossil spccies in common (e.g. Banksieaeformis praegrandis); however, there are important foliar physiognomic differences between the Stuart Creek and the Poole Creek palaeochannel floras.
Foliar Physiognomic Signatures
The Poole Creek, Nelly Creek, and the Stuart Creek floras are all dominated by small (63-70% < 65mm length) entire-margined narrow elliptic to stenophyllous leaves (55-86% of leaves with a length: width ratio of > 3.0). The leaf size spectra for all three of the floras show a skewed normal distribution (Fig. 2) , with modes of 26-45 mm (Nelly and Poole Creeks) and 46-65 mm (Stuart Creek) respectively, and the presence of a small but significant set of leaves much larger than the main population of leaves (9-17% > 85 mm length). The Stuart Creek flora, however, has larger leaves than recorded for the Nelly Creek flora (mean leaf lengths 59.2 mm and 38.9 mm respectively-the Poole Creek value cannot be considered reliable due to the small sample size); however, a significant taphonomic collection bias is likely to exist in the Nelly Creek flora as numerous fragments in the collection and field observations indicate the presence of notophyll to mesophyll taxa. The range of leaf shapes in the Poole Creek and Nelly Creek floras (Figs 3,4) shows discrete sets of leaf types (generally represented by one or two species only), with most in the 3.04.0 to > 4.0 length: width ratio band (Fig. 4) , but with significant representatives of quite wide leaves (Brachychiton length: width ratio ca. 1.0) and quite stenophyllous leaves (e.g.
'eucalypt-type' and Banksieaeformis sp. 2, both length: width ratio > 6.0). Lobed leaf types
were not uncommon in all three floras (Fig. 4) , with one or two species of Brachychiton (3-7 lobes), and two or three lobed species of Proteaceae; toothed leaves and species were scarce with less than 5% of specimens and only one or two species having toothed leaf margins. The Stuart Creek flora, however, is strongly characterised by markedly stenophyllous leaves (> 69%, length: width ratio > 6.0), especially when compared with either modern rainforest or other Eocene macrofloras (e.g. Golden Grove, 95%, length: width ratio < 6.0), including the Poole Creek (66%, length: width ratio < 6.0) and Nelly Creek floras (93%, length: width ratio < 6.0); this dominance by stenophylls is reflected in the leaf length: width spectra (Fig.   4 ) and the mean length: width ratio of these floras (Table 2) , with modem rainforest litter typically showing a peak in the 2.0-3.0 length: width ratio range, and with a mean length: width ratio ranging from 2.3 to 3.4, compared with a peak > 4.0 and a mean of 7.8 for Stuart Creek. Poole Creek is similarly characterised by stenophyllous leaves (peak also at > 4.0 length: width ratio), but not to the same extent as Stuart Creek (e.g. Poole Creek mean length: width ratio 3.2).
Central Australian Eocene Environments
The taxa represented in the Nelly Creek and Poole Creek macrofloras provide only equivocal climatic or palaeoecological information (Greenwood and Wing 1995, and discussion above) . All of the identified genera are consistent with a forested environment in central Australia in the Eocene. Scarce epiphyllous microfungal germlings (Lange 1978b) found during a survey of cuticle from Nelly Creek leaves (Christophel et al. 1992 ) indicate a mean annual precipitation of less than 1200 mm. Today Agathis is relict in its distribution and so palaeoenvironmental inference based on this taxon must be considered in that light. Agathis in Australia is found in rainforests under Mesothermal-Megathermal climates (MAT > 18"C), often with a distinct dry season (e.g. in Type 6 CNVF; Tracey 1982; driest quarter ca.100-200 mm, Kershaw and Nix 1988) , but equally so, in Mesothermal climates that are not seasonally dry (e.g. New Zealand, at MAT > 14°C; Mitchell 1990) . Similarly, Brachychiton is today found in seasonally dry, frost-free Mesothermal-Megathermal climates in Australia (Guymer 1988) . Eucalyptus sensu strict0 fruits have been identified in the Stuart Creek macroflora (Lange 1978a (Lange , 1982 , and leaves likely to be representing Eucalyptus are found in the Poole Creek palaeochannel flora (Moms Creek site); however, given the wide thermal range and both seasonal and annual variation of rainfall seen throughout the range of Eucalyptus, it is only possible to suggest seasonal drought (or mean annual precipitation (MAP) c 1200 mm) and/or low soil fertility for the Lake Eyre region in the Eocene to Oligocene. Some other taxa present support the interpretation of a Mesothermal-Megathermal climate (e.g. Gymnostoma) and are consistent with essentially frost-free conditions, while the presence of Banksieaeformis species may also reflect seasonal drought/MAP < 1000 mm, and/or low soil fertility. Some taxa contradict indicators of lower MAP or seasonal drought (e.g. cf. Dacrydium, Gymnostoma, cf. Lophostemon), but may reflect local swamp or riparian components.
Using the CLAMP-derived multiple regression equations (Wolfe 1990 (Wolfe 1993 Wing and Greenwood 1993 ) a MAT of 18.7-21.1°C (+ 2°C) was estimated for the area of southem Lake Eyre in the Middle Eocene (Greenwood and Wing 1995) . This estimate is consistent with estimates for other Eocene floras at similar latitudes (Table 4) , and at higher latitudes (assuming a latitudinal gradient of 0.3-0.4"C/1° latitude), but the estimate for Poole Creek Gentilli (1971) , Greenwood (1992 Greenwood ( , 1994 , Wing and Greenwood (1993) and Greenwood and Wing (1995 (Sluiter 1991) ; however, this discrepancy may reflect uncertainties in the multiple regression estimate for Poole Creek rather than any real differrence (Greenwood et al., unpub, data) . The estimates for winter temperature using multiple regression estimates (CMM 12.5-14.7"C) indicate essentially frost-free climates for the Lake Eyre region in the Middle Eocene, and are similar to present values in the Lake Eyre region (e.g. Farina, Table 4 ). Significantly, the multiple regression estimates for MAP
(1 116-I360 n;m k 580 xx), TDM ('driest qdarter' 0-100 mm quarter1 90 mm) 2nd TGSP ('growing season' 760 mm quarter-'), indicate a seasonally dry climate with a moderate to high annual rainfall. Unfortunately, the present methodology does not allow discrimination between a summer or winter dry season; although the estimate for the growing season (TGSP) suggests a summer rainfall-peak as at the higher latitudes of central Australia in the Eocene (ca. 12-15" further south) suggesting a summer growing season is likely. Overall, however, the estimates of MAT, CMM, MAP, TDM and TGSP are consistent with a monsoon climate, and are similar to that of the modern monsoon forest site (40 Mile Scrub, Table 2 ) used in the analysis. The multiple regression estimates are also consistent with the consensus NLR interpretation of moderate annual rainfall (MAP ca. 1000 mm) and a dry season (but no seasonal drought), but at the lower ends of the estimates suggest a drier more seasonal climate than is supported by the NLR's, or by sedimentological evidence (Quilty 1984; Wells and Callen 1986; Greenwood et al., unpub. data) .
Conclusions
This analysis cannot conclusively identify whether Eocene forests in central Australia grew under a monsoonal climate, and on some grounds appears to suggest that the climate was not monsoonal and that deciduous 'monsoon forest' was not present. That the climate, reflected in the Poole Creek and Nelly Creek Eocene macrofloras and the ?EoceneOligocene Stuart Creek macroflora, was seasonally dry (TDM < 150 mm) and of moderate annual rainfall (MAP ca. 1000 mm), is clear. The thermal regime, using Nix's (1982) classification, would be Mesothermal-Megathermal in each instance. The floristic mix in the Eocene floras is consistent (in most respects), based on limited information, with tropical seasonally dry 'rainforests' (Type 6 in Tracey's (1982) typology) in NE Qld, but differs markedly from these modem forests in the presence of needle-leaved Podocarpaceae (cf. Dacrydium) and Gymnostoma, and from more inland modem monsoon communities in the presence of Agathis, Elaeocarpaceae and Lauraceae. Similar floristic mixes do occur, however, under tropical monsoon climates in modern Borneo. The foliar physiognomic signatures of the central Australian Eocene vegetation is, however, intermediate between modem monsoon forest litters and rainforest litters, lending some credence to the notion that monsoonal forest communities may have occurred in central Australia in the Eocene, whereas the ?Eocene-Oligocene Stuart Creek macroflora appears to reflect sclerophyllous vegetation (e.g. Lange 1982; Truswell 1990) . No distinctive floristic elements of monsoon forest (other than Brachychiton and a prominent ?legume component) have been identified in these macrofloras; rather, elements found today in rainforest (Agathis, cf. Athertonia) and sclerophyllous vegetation (e.g. Banksieaeformis, 'Eucalyptus') appear to be prominent (but not dominant). The possibility remains, however, that distinctive monsoon forest elements (e.g. Bombax, Cochlospermum, Gyrocarpus) may yet be identified in these macrofloras as associated microfloras contain palynomorphs attributed to some of these taxa (Martin 1978; Kemp 198 1 ; Truswell and Harris 1982; Tmswell et al. 1987) .
